Introduction
The accurate description of habitat requirements for rare species such as bats is a key part of conservation management. Bats follow an extreme 'K-strategy' life history, and are thus particularly vulnerable to environmental changes which lead to reduced longevity or reproductive success. Modifications to, and loss of foraging habitats may strongly affect such life history parameters, and it has been suggested that land-use change is one of several causal factors contributing to recent population declines for some species of European bats (Daan 1980; Stebbings 1988; Gerrell & Lundberg 1993) . the past century. In some regions up to 30% of broadleaved woodland has been lost since 1945 due to forest clearance, conifer conversion and urbanization (Stebbings 1988) . During the same period, four species of bat are believed to have undergone some population decline and a further three have undergone significant declines . However, whether the changing status of these bat populations can be attri- (Hutson 1993) . Whilst there are some published studies on habitat use by bats resident in Britain (Swift & Racey 1983; Racey & Swift 1985; McAney & Fairley 1988; Walsh & Mayle 1991; Jones & Morton 1992) , the information provided by these is limited due to the small number of species, sites and habitats investigated. Elsewhere, attempts to quantify habitat use are more numerous (see, for example , Fenton 1970; Barclay 1985; Lunde & Harestad 1986; Brigham, Aldridge & Mackey 1992) , but few studies have been made on species resident in Britain (de Jong & Ahlen 1991; Rachwald 1992; Rydell 1992) . Also, extrapolation from these studies may be of doubtful validity since widely varying survey methodologies were employed and because animals may alter their patterns of habitat utilization in different landscapes (Mann & Putman 1989) . For a small island, Britain has a highly diverse landscape structure, and so a landscape-scale approach was needed to quantify the fundamental habitat requirements of bats in Britain.
This paper presents an analysis of foraging habitat selection by vespertilionid bats based on data collected during a national survey. Comparisons of the patterns of habitat use on both large and local scales are used to highlight the fundamental habitat requirements of bats, and to explore the differences in habitat use between contrasting landscapes. The primary aim was to identify key bat foraging habitats and to rank these in order of priority so that the results could be incorporated into basic conservation management plans.
This would also provide quantitative base-line data on the use of foraging habitats to facilitate future research into the impact of land-use change on bat populations.
Methods

DATA COLLECTION
The data were derived from the results of a national survey of bats and their habitats in Britain carried out over three consecutive summers from 1990 to 1992.
The survey was stratified using the land class system (Bunce, Barr & Whittaker 1981a , 1981b , 1983 . For this, each 1-km square area in Britain has been allocated to one of 32 land classes defined on the basis of environmental characteristics such as geology, altitude, land use and climate. Squares to be surveyed were selected randomly within different land classes approximately in proportion to the abundance of that land class. The data were collected by experienced volunteers, who recorded 'bat passes' registered on a bat detector tuned to 45 kHz whilst walking a preselected transect across the 1-km square. Transects were completed on four occasions during defined date periods: 16 June-7 July, 8-28 July, 29 July-1 8 August and 19 August-8 September. One 'bat pass' was defined as a sequence of at least two echolocation pulses of a passing bat (Thomas & West 1989) . The position of all bat passes detected were marked onto a separate map for each walk, and data on prevailing weather conditions and time spent monitoring also recorded. Bat passes were coded as either trains of echolocation calls heard indicating a bat in transit or trains of rapidly repeated calls heard indicating a bat feeding. In addition a letter code was added to indicate the species if this could be identified with certainty.
For each 1-km square, the vegetation types occurring along the transect line were marked onto a separate map of the square; 49 vegetation types were recorded similar to those described in Cresswell, Harris & Jefferies (1990) . The completed maps were then all checked by one person (A.L.W.) to ensure uniformity of approach, and for data extraction. A full description of the sampling protocol is given by Walsh, Hutson & Harris (1993) and Walsh, Harris & Hutson (1995) .
DATA ANALYSIS
Habitat availability in each 1-km square was determined by measuring the length of each habitat type along both sides of the transect line to the nearest 50 m with an opisometer and expressing it as a proportion of the total length of all habitats measured.
Where linear features such as hedgerows or streams were perpendicular to the transect line, they were assigned a distance of 50 m. The habitat types for which availability was calculated are listed in Table 1 .
To reduce the number of habitat variables from 49 to a more manageable number, similar categories were combined into the broad habitat categories listed. The total number of bat passes marked within each habitat type in each square were counted to calculate the percentage use of each habitat. Bats were frequently recorded in a combination of two habitat types. In such cases a bat pass was assigned to both habitat types. Where the bat pass was recorded in a single habitat type, it was counted twice. In this way the proportion of activity recorded in different habitats remained consistent, allowing direct comparisons to be made. The number of feeding passes counted constituted c. 20% of the total passes counted and was strongly correlated to the total number of bat passes (Spearman Rank r = 0 56, P < 0 001). Furlonger, Dewar & Fenton (1987) similarly found the incidence of feeding passes to parallel total bat activity but at a reduced level. Thus, numbers of total bat passes were 510 Foraging habitats of bats in Britain Table 1 . Non-coastal habitat types for which availability was Throughout the survey, species identification was limited by the demand for continuous steady procession and by having the detector tuned only to 45 kHz. Of the bat passes, 71 6% were unidentified. Of the 24 4% identified to a particular bat species or species group, 710% were Pipistrellus pipistrellus, 17 0% Myotis spp., 7 6% Nyctalus noctula, 2 7% Plecotus spp. and 1 7% Eptesicus serotinus. Due to the low incidence of positive identifications, analyses were undertaken to examine broad trends in habitat use for all species combined.
Data were screened and observations with high potential influence were re-examined to detect outliers and possible errors in the data. Selection analyses were used to identify preferred and avoided habitat types across squares in each date period and over all four date periods pooled for both land class groups and individual land classes. Initially, large-scale patterns of selection were examined by combining all 32 land classes into seven major land class groups (Table 2) .
Coastal squares were combined in a separate analysis to examine selection of coastal habitats. More localized patterns in habitat selection were then outlined in 19 separate land classes. These were the most common and widespread land classes for which we had an adequate sample size (n > 24 squares), this figure being determined by plotting increasing sample size against mean bat activity (Walsh et al. 1995) . Avoidance or selection of particular habitat types was determined using the z statistic with Bonferroni adjustment and a confidence level of 90% (Neu, Byers & Peek 1974; White & Garrott 1990) . For this test, simultaneous confidence intervals using Bonferroni's inequality were calculated for the percentage use of each different habitat. Where the percentage availability of a habitat fell below the relevant confidence interval, it was considered to have been significantly selected (P < 0 10) and where habitat availability was above the confidence interval, a habitat was significantly avoided. Since large numbers of comparisons were being made, it was necessary to reduce the probability of Type II errors by using a less stringent criterion for statistical significance, namely setting the confidence limits at 90% (Cresswell et al. 1990; Bright & Morris 1993) . In all analyses only habitat variables occurring in more than 10 squares and with five or more bat passes were used (Hayes & Winkler 1970) .
Results
Of the 1030 1-km squares surveyed, 120 (11-7%) were not included in the analysis because the sheets were either incorrectly or inadequately completed. Only one influential outlier was identified in the screening process and discarded on the assumption that this was an incorrectly completed sheet. Thus, the analysis is based on data from 910 squares which were of uniform approach. In total nearly 30 000 bat passes were counted in the 9000 km walked, involving 2700 hours of search effort. Only 6% of 1-km squares had no recorded bat activity, and these were mostly in Scotland at the northern limit of the range of many species in Britain.
TEMPORAL PATTERNS IN HABITAT SELECTION
There were no temporal shifts in habitat use in either large-or local-scale analyses, since very few differences in habitat selection were found between the four date periods. Hence, all the results presented were pooled across date periods. Table 2 . Land class composition, typical physiogeography, land use and distribution of the seven major land class groups (I-VII) used in the analyses. Based on Bunce et al. (1981b) Table 1 . Percentage habitat availability, and hence expected use, is shown by bars, the percentage use by bats of each habitat by solid circles. Solid bars denote that a habitat was significantly selected, an open bar that a habitat was used in proportion to its availability, and a hatched bar that that habitat was significantly avoided. All tests of significance used 90% Bonferroni confidence intervals.
The absence of a bar denotes that the scarcity of that habitat in the land class group precluded analysis. A cross indicates that < 5 bat passes were recorded in that habitat, thereby also precluding analysis, but that the habitat was sufficiently common to infer avoidance.
for bats, although the types of linear features are important.
Habitats strongly and consistently avoided in all land class groups were the more exposed and more intensively managed habitats; these included moorland, improved grassland, semi-improved grassland, upland unimproved grassland and arable land. This avoidance is particularly evident in marginal upland and upland landscapes (Fig. 3) . The only grassland type not consistently avoided was lowland unimproved grassland where prey availability may be higher than in the improved grassland types. Because the patterns in selection proved to be highly similar between individual land classes, the results are summarized in Table 4 by habitat type rather than by land class. For each habitat, the number of land classes within which it was selected, used in proportion to availability and avoided were summed and used to designate a selection rating ((i)-(v)) for that habitat.
Habitats were then grouped according to selection rating and hence Table 4 ranks bat foraging habitats based on local scale analyses; groups (i) and (ii) represent habitats of high importance to bats, whereas groups (iv) and (v) represent habitats of low importance. Group (iii) represents habitats of differential importance to bats, depending on the land class under examination.
The local selection trends shown in Table 4 are the same as for the large-scale analysis. Since land classes used in this analysis included representatives from the arable, pastural, marginal upland and upland groups, Table 4 . Summary of habitats significantly selected, used in proportion to availability or avoided in 19 discrete land classes.
All tests of significance used 90% Bonferroni confidence intervals. The proportion of land classes in which each habitat was selected ( + Ps) or avoided (-PA) is shown together with the number of land classes for which a test was conducted (n) influence on the fundamental use of 'prime' habitats by bats. However, the inconsistency with which some habitats were selected (group (iii)) suggests that landscape structure does influence the use of less optimal habitats. Group (iii) habitats were more important to bats in some landscapes than others, and this may be related to the low availability of optimal foraging habitats in particular landscapes. However, this hypothesis is difficult to test, since a relationship may be confounded by the wide variance in structure and composition of these particular habitats.
Discussion
DATA INTERPRETATION
A full discussion on the limitations of the survey technique is given in Walsh et al. (1995) , but a brief outline of the two main limitations is required prior to a discussion of the results. The sampling procedure worked well in that the proportion of each species in the identified sample compares well with the relative abundance of that species/group of vespertilionids (using the figures in Harris et al. 1995 A number of small-scale studies have already identified woodland sites as preferred foraging areas (Racey & Swift 1985; Furlonger et al. 1987; Rachwald 1992; Clark, Leslie & Carter 1993 ). This study shows that the strongest selection was for semi-natural broadleaved woodland, a finding also reported for a study Where available, bats showed a strong preference for all water bodies, from small streams and ponds to larger rivers, canals, lakes and reservoirs. Fenton (Fenton 1970; Lunde & Harestad 1986; Rydell 1986; Walsh & Mayle 1991) , and this may be a reflection of the lower insect densities associated with such intensively managed land. Less managed grasslands, such as hay meadows, appear to be of greater value to foraging bats, since unimproved pasture was the only grassland category that was often used in proportion to its availability. However, its importance is probably underestimated in this study, since the results are biased towards habitat preferences exhibited by Pipistrellus pipistrellus, a species known to avoid open fields (Racey & Swift 1985) . Other studies have shown that larger species of vespertilionid bat, such as Eptesicus nilssonii and Eptesicus serotinus, and
Rhinolophus ferrumequinum, readily exploit old pasture, where they forage for beetles and moths (Rydell 1986; Jones & Morton 1992; Robinson & Stebbings 1993 ).
Optimal habitats for bats are rare within all landscapes; for instance, water bodies generally represent less than 1% of the available habitat, and broadleaved Roosting requirements may also influence habitat utilization (Kunz 1982; Geggie & Fenton 1985) . For instance, urban areas may have been selected because of the high availability of roost sites in houses.
However, it could also be related to the availability of gardens, hedges and streetlamps as possible feeding sites (Rydell 1992) , and may also in part reflect an adaptation by vespertilionid bats to feeding in less optimal habitats as these increase in their relative availability whilst optimal habitats decrease. Although total woodland cover has increased during the 20th century, the increases are mainly due to widespread conifer afforestation in the uplands (Peterken & Allison 1989 ), which we have demonstrated is a woodland type of particularly low value to foraging bats.
The present trends in land-use change outlined by Barr et al. (1993) 
